Background: Bariatric surgery is associated with greater and more sustainable weight loss compared with lifestyle intervention programs. On the other hand, bariatric surgery may also be associated with physical and psychosocial complications. The influence of psychological evaluation on treatment choice, however, is not known. We aimed to examine variables associated with treatment choice and, specifically, if self-reported lifetime adversity influenced obesity treatment, i.e. bariatric surgery, high-intensive lifestyle treatment or low-intensive lifestyle treatment in primary care. Methods: We consecutively included 924 patients from the registry study of patients with morbid obesity at Akershus University Hospital, Lørenskog, Norway. Treatment selection was made through a shared decision-making process. Self-reported lifetime adversity was registered by trained personnel. Logistic regression models were used to assess the associations between obesity treatment and possible predictors. Results: Patients who chose bariatric surgery were more likely to have type 2 diabetes (DM2) compared with patients who chose lifestyle treatment (bariatric surgery: 35%, high-intensive lifestyle treatment: 26%, and low-intensive lifestyle treatment: 26%; p = 0.035). Patients who chose bariatric surgery were less likely than patients who chose lifestyle intervention to report lifetime adversity (bariatric surgery: 39%, high-intensive lifestyle treatment: 47%, and lowintensive lifestyle treatment: 51%; p = 0.004). After multivariable adjustments, increasing BMI, having DM2, and joint pain were associated with choosing bariatric surgery over non-surgical This study shows that increasing BMI, DM2, and joint pain were all associated with treatment choice for obesity. In addition, self-reported lifetime adversity was associated with the patients' treatment choice for morbid obesity. Consequently, we suggest that decisions concerning obesity treatment should include dialogue-based assessments of the patients' lifetime adversity.
Introduction
Obesity is mostly measured by means of BMI, but anthropometric classification systems do not reflect the presence or severity of comorbidities [1] . Increasing BMI is associated with increased risk of type 2 diabetes (DM2), cardiovascular disease, and incidence of several types of cancers [2] . Bariatric surgery is associated with sustainable weight loss and reduced morbidity and mortality in patients with morbid obesity [3] . However, a recent cohort study of 1,888 patients with morbid obesity showed that patients treated with bariatric surgery had increased risk of complications such as abdominal pain, gastrointestinal ulcers, and iron deficiency compared with patients who were treated with lifestyle treatment after 6.5 years of follow-up [4] . This study furthermore showed a 50% increased risk of new-onset depression in patients who underwent bariatric surgery compared with patients who received intensive lifestyle treatment [4] . Moreover, reduced alcohol tolerability is considered a complication from bariatric surgery, and empirical evidence indicates that gastric bypass increases the risk of developing both alcohol use disorders and substance use disorders [5, 6] . One study showed that alcohol use disorder more than doubled from 7% prior to surgery to 16% 7 years after surgery [5] .
An obesity classification system applied in a retrospective population study was superior to BMI in predicting mortality [7] . Nevertheless, BMI and DM2 remain the predominant predictors of bariatric surgery as obesity treatment [8] . The importance of building healthy therapeutic relations between patients and healthcare providers was demonstrated in a recent study that assessed patient perspectives in the role of primary care in obesity management [9] . Also, another recently published study revealed divergence in perception and attitudes between patients with obesity and HCP's perspective of obesity treatment [10] . Although assessments of psychological issues are considered essential for the identification of the optimal treatment choice at an individual level, the influence of an individual's psychological health on obesity treatment is not known. The aim of this study was to assess the impact of self-reported lifetime adversity on the subsequent treatment choice for morbid obesity.
Material and Methods

Design and Study Population
This cross-sectional study was conducted at a secondary specialist care center in the southeast region of Norway from January 1, 2014 until December 15, 2017. A total of 1,160 treatment-seeking patients with morbid obesity referred from general practice were eligible for study participation. The flow chart of the study population is presented in Figure 1 . Out of 1,007 patients who signed an informed consent, we excluded 80 patients with missing data (treatment choice: n = 37, lifetime adversity: n = 49, treatment choice and lifetime adversity combined: n = 6) and 3 patients with BMI under 35, leaving 924 patients with morbid Definitions Lifetime adversity was defined in patients with self-reported experiences during childhood or adolescence (such as maltreatment, abuse, neglect, parental alcohol or drug abuse, parental incarceration, parental psychiatric illness, parental inter-partner violence, parental death) or during adulthood (such as marginalization, emotional traumatized or physical violation of any kind) or if they had previously been diagnosed with post-traumatic stress disorder (PTSD). Patients who used psychoactive drugs at baseline were defined as having psychiatric illness. Patients who had a prior history of DM2 or a fasting plasma glucose ≥7.0 mmol/L or an HbA1c ≥6.5% were defined as having DM2. Metabolic syndrome was defined according to the joint interim statement of the International Diabetes Federation Task Force on Epidemiology and Prevention; National Heart, Lung and Blood Institute; American Heart Association; World Heart Federation; International Atherosclerosis Society; and International Association for the Study of Obesity [12] .
Data Collection
Data were retrieved in a clinical setting by trained personnel. Patients had their weight and height measured wearing light clothing, without shoes, and BMI was subsequently calculated (kg/m 2 ). Blood pressure was measured with an appropriate cuff after at least 5 min rest with the patient seated in an upright position. Three measurements were registered and the average of the second and the third measurement was used in the study. The following data were assessed in dialog with the patients: employment status, use of medication, onset and history of obesity and obesity related comorbidities such as diabetes, hypertension, and joint pain. Patients were furthermore asked about their mental health, categorized as having selfreported anxiety or depression (yes/no). Information on lifetime adversity (yes/no) and psychiatric history was retrieved through dialog with the patients combined with searching the medical records when available. The investigators furthermore explored eventually adverse experiences prior to the onset of weight gain, and whether these might have influenced eating habits, physical activities, social life, or emotional reactions. For example, the patients were asked about adverse experiences or if bad or stressful feelings might have contributed to emotional eating and subsequent weight gain. The study outcome was the patients' choice of obesity treatment made together with trained personnel in a shared decision-making process, i.e. bariatric surgery, high-intensive lifestyle treatment, or low-intensive lifestyle treatment in primary care. Bariatric surgery is not performed at our secondary center for morbid obesity. Patients who were ambivalent towards bariatric surgery or who disagreed with the treatment decision, were offered a second evaluation at a surgical center to help with the final decision for obesity treatment.
Statistical Analysis
Proportions are reported as numbers with percent and continuous variables as mean ± standard deviation (SD). Differences between the treatment groups were analyzed using Pearson's chi-square test for categorical data and one-way analysis of variance or Kruskal-Wallis H test for continuous data. Post hoc analyses for comparison between two groups were performed by Student t test for continuous data. Correlations were calculated with Pearson's correlation coefficient. Assumptions of linearity were assessed by the Box-Tidwell test. The goodness of fit was tested using the Hosmer-Lemeshow test. The overlap indices and the Cohen's kappa coefficient of agreement (κ) for self-reported lifetime adversity and self-reported anxiety or depression as well as between lifetime adversity and psychiatric illness were calculated. Obesity treatment (i.e. bariatric surgery, high-intensive lifestyle treatment, and low-intensive lifestyle treatment) was modeled as dependent variable with lifetime adversity as the primary explanatory variable. A backward logistic regression approach was used to identify possible confounders. Variables with p values below 0.10 were included in the final model (Wald test). As a result, the following variables were removed from the final model: age (years), gender, duration of obesity (years), self-reported anxiety or depression, and physical inactivity. The following variables were included in the final multivariable models: BMI, DM2, employment, joint pain, and lifetime adversity. Multivariable logistic regression analysis was used to assess the associations between lifetime adversity and obesity treatment. The analysis was furthermore stratified by gender.
The analyses were performed using IBM SPSS Statistics, version 25.0 (SPSS Inc., Chicago, IL, USA). p values less than 0.05 were considered statistically significant.
Results
Overall 46% of the population had experienced lifetime adversity, and there was a significant difference between female and male gender in the prevalence of self-reported lifetime adversity (51% vs. 35%, p < 0.001). Patients' characteristics according to treatment choice are presented in Table 1 . Patients opting for bariatric surgery were more likely to have DM2 compared with the patients who chose lifestyle treatment (bariatric surgery 35%, highintensive lifestyle treatment 26%, and low-intensive lifestyle treatment 26%; p = 0.035). Compared with patients who chose non-surgical treatment, patients opting for bariatric surgery were more likely to report joint pain (bariatric surgery vs. low-intensive lifestyle treatment: 35% vs. 28%; p = 0.027; bariatric surgery vs. high-intensive lifestyle treatment: 35% vs. 27%; p = 0.029). There was a significant difference in self-reported lifetime adversity across obesity treatment choices. Patients who chose bariatric surgery were less likely than patients who opted for non-surgical treatment (i.e. low-intensive lifestyle treatment or highintensive lifestyle treatment) to report lifetime adversity (bariatric surgery 39%, highintensive lifestyle treatment 47%, and low-intensive lifestyle treatment 51%; p = 0.004) ( Table 1) . Also, patients who chose low-intensive lifestyle treatment were less likely than those who chose high-intensive lifestyle treatment or bariatric surgery to be employed (bariatric surgery 66%, high-intensive lifestyle treatment 74%, and low-intensive lifestyle treatment 56%; p < 0.001) ( Table 1) .
A total of 23 (3%) patients reported eating disorders out of which 17 patients also reported lifetime adversity. The overlap between self-reported anxiety or depression and self-reported lifetime adversity is presented in Figure 2 . A total of 477 (52%) patients with morbid obesity were categorized with either self-reported anxiety or depression or with selfreported lifetime adversity. There was a fair overlap between self-reported anxiety or depression and self-reported lifetime adversity (overlap index = 0.365 and κ = 0.316; p < 0.0029), whereas the overlap between lifetime adversity and psychiatric illness was poor (overlap index = 0.161 and κ = 0.116; p < 0.023).
The odds ratios (OR) for the shared decision of obesity treatment are shown in Table 2 and Figure 3 . After multivariable adjustments, BMI, DM2, and joint pain were associated with 
Discussion
The main and novel finding of this study of 924 patients with morbid obesity was that the prevalence of lifetime adversity is high among patients with morbid obesity and that there is an association between self-reported lifetime adversity and the shared decision-making process of obesity treatment in patients with morbid obesity. Although it is well established that implementing a preoperative psychological assessment is important to prevent psychological complications of bariatric surgery, there are no standard protocols to help health professionals to implement this assessment [13, 14] . A previous study reported that preoperative cognitive behavioral therapy was not effective in the preparation of patients awaiting bariatric surgery [15] . Although one study has reported improved mental health after bariatric surgery, there is no consensus on therapeutic consequences of psychological evaluation [16] . Thus, the present study underscores the importance of preoperative psychological assessment in the identification of the optimal treatment for patients with morbid obesity. 
The Role of Psychological Variables in Obesity Treatment
To the best of our knowledge, this is the first study to assess the impact of lifetime adversity on treatment choice for morbid obesity. As suspected we found a high prevalence of lifetime adversity among patients with morbid obesity. The prevalence of lifetime adversity in the general population varies between 5 and 25%, depending on the definition used [17] [18] [19] [20] [21] . One large population study of more than 9,000 participants interviewed at 45 years of age showed that risk of adult obesity increased by 20-50% for several adversities in childhood [18] . Also, a Norwegian population study showed a general trend of dose-response association between lifestyle-related conditions (i.e. obesity and diabetes mellitus) and increasing number of childhood difficulties [21] . Our study partly confers with the results of another study, suggesting that surgical attrition developed secondary to psychological barriers [22] . The authors suggested that other factors than routinely reported as surgical motivators, including obesity-related comorbidities, might play a role in surgical attrition [22] . Moreover, given that bariatric surgery often is considered a stigmatized treatment option, patients' perceptions of weight stigma might have increased the psychological distress related to lifetime adversity in the clinical assessment of morbid obesity [23, 24] . On the other hand, a recent review update of the literature furthermore showed that fewer previous dieting attempts were the most consistent predictor of successful weight loss [25] . The authors argued that possible explanations might be related to a vulnerable psychological profile characterized by poor self-concept, body image disparagement, pessimistic attributions, and feelings of helplessness. Our results may also indicate that patients with severe obesity reporting lifetime adversity might benefit from a collaborative approach with their healthcare providers to identify the right long-term treatment option. As such, it is essential to explore the impact of adverse experiences prior to the onset of weight gain on eating habits, physical activity, social life, and emotional reactions. Furthermore, listening to patients' experiences and tailoring the best possible intervention programs has also been recommended as best practice [9, 26] . The results of our study nevertheless underscore the importance of psychological evaluation in the presurgical assessments of patients with morbid obesity and indicate that adverse life experiences might play a role in the patients' treatment choice for obesity.
The present study showed a moderate overlap between lifetime adversity and symptoms indicative of psychiatric disease (i.e. self-reported anxiety or depression or established psychiatric illness), suggesting that patients with morbid obesity might have different psychological problems than patients with known psychiatric conditions. Our results indicate that focusing on lifetime adversity might identify patients with different psychological issues than patients with anxiety or depression. Consequently, patients who report lifetime adversity might need a different approach in the multidisciplinary work-up to identify the optimal treatment for each individual. Moreover, the patients who report lifetime adversity might benefit from a psychological evaluation to increase self-empowerment prior to intensive obesity treatment (i.e. high-intensive lifestyle treatment or bariatric surgery). Given the lack of consensus on therapeutic consequences of psychological evaluation, we suggest that a holistic psychosocial approach in the general assessment for patients with morbid obesity.
A previous study reported a positive association between increasing number of categories of adverse childhood exposure and severe obesity (BMI ≥35), with a two-fold increased risk of developing severe obesity with 4 or more adverse childhood exposures [27] . Furthermore, a US integrated healthcare delivery system, including modifying environment in communities and schools, has been developed for the prevention and treatment of patients with obesity [28] . High internalized weight bias might be a barrier to weight management [24, 29] . Also, negative feelings and shame about one's weight may prevent individuals from engaging in health promoting behaviors. Emotional eating and binge eating are furthermore reported more frequently in women than in men [30] . Internalized weight stigma and
emotional eating patterns thus represent possible explanations for the difference in selfreported lifetime adversity by gender in subgroup analysis. Gender differences in pretreatment levels of weight control self-efficacy, binge eating and depressive symptoms have furthermore been reported as possible predictors of greater weight loss [31] . A previous study also showed vulnerability to "fat-stigma" in women's everyday relationships, suggesting a gender difference in social networking that might have impact on obesity treatment [32] . Our results underscore that gender differences should be considered in the psychosocial pretreatment of patients with morbid obesity.
Interestingly, great diversity was found among general practitioners' attitude towards health and factors affecting obesity in a recent Polish study examining 250 general practitioners [33] . Given the high prevalence of lifetime adversity among patients who refrained from intensive obesity treatment (i.e. chose low-intensive lifestyle treatment or bariatric surgery), we speculate if increased vigilance of lifetime adversity might have influenced the treatment choice of patients who reported lifetime experience. As such, the caretaker's perception of health might increase patients' psychological resilience, and facilitate the ability to endure the long term course of lifestyle intervention to obtain sustainable weight loss. Nevertheless, a recent review advocates that lack of recognition of obesity as a chronic disease has reduced the effect of evidence-based prevention and treatment [34] . Future studies are required to assess if exploring psychological variables perceived to be beneficial of obesity (and thus contribute to the reduced efficacy seen from lifestyle intervention in patients with obesity) will result in long-term weight loss.
BMI, Obesity-Related Comorbidities, and Psychological Health
Obesity staging classification systems have been developed to help individualize treatment for patients with morbid obesity [35, 36] . Nevertheless, components of the metabolic syndrome, such as BMI and DM2, remain predominant predictors for choosing bariatric surgery over non-surgical obesity treatment [8] . The results of our study thus cohere with previous studies, indicating that patients with comorbid metabolic disease may favor a surgical treatment option. Communication of the progressive nature of DM2 might thus have influenced the decision-making process for both patients and healthcare personnel involved. One study of 144 patients showed improvements in most domains in the Kings Obesity Staging Criteria, including self-reported psychological health, 14 months after bariatric surgery [35] . However, the relatively short follow-up period might have underestimated the long-term complications post-bariatric surgery (such as weight regain, gastrointestinal discomfort, and reactive postprandial hypoglycemia) that might have influenced psychological health. Improved quality of life correlated with about 10% weight loss 10 years after bariatric surgery in the Swedish Obese Subject (SOS) study, and only two-thirds of the surgically treated patients reach this limit of 10% weight loss 10 years after bariatric surgery [13] . Thus, the impact of bariatric surgery on psychological health thus remains unknown.
Evidence suggests that long-term stress may affect biology, including brain structure and neuroendocrine mechanisms [37, 38] . Also, plasticity genes have been associated with differential susceptibility to the development of obesity, i.e. the response to experience-based changes in cognitive, emotional and/or behavioral phenotypes [39] . Psychological stress has furthermore been associated with the development of metabolic syndrome and its components in prospective studies [19, 40] . The role of bariatric surgery in resetting biological alterations associated with long-term stress exposure is however not clear, and the potential mechanisms for weight regain after bariatric surgery remain unknown. Consequently, in patients who report unresolved lifetime adversity, bariatric surgery alone might not result in sustainable weight loss and improved long-term health regardless of co-existing metabolic morbidities such as diabetes mellitus and hypertension. Future prospective studies are 
Functional Capacity and Obesity Treatment
There is substantial evidence on the impact of physical activity on general health and longevity [41] . However, increased levels of physical activity have moderate impact on weight loss [42] . Our results partly cohere with previous studies indicating that candidates for bariatric surgery have low levels of physical activity and that this might have influenced the treatment choice for bariatric surgery [8, 43] . Increased levels of physical activity have been reported after bariatric surgery [44] . Nevertheless, a 6-week preoperative physical activity intervention program improved both physical and mental health as well as self-enjoyment and motivations compared with standard presurgical care in 75 patients (90% women) with mean BMI 45. In our study, patients who chose bariatric surgery were more likely to have joint pain than patients who chose low-intensive lifestyle treatment. Thus, joint pain might have resulted in low levels of physical activity prior to surgery and possibly influenced treatment choice for morbid obesity.
Interestingly, our results also showed that employment status was associated with choosing high-intensive lifestyle treatment in women. A recent US population study showed that employment status was inversely related to disabilities, including obesity, and that employed individuals with disabilities reported better general and mental health than individuals who were not employed [45] . Two previous studies failed to show improvement in working status after bariatric surgery [8, 35] . We thus speculate if potential positive effects of maintaining working status on self-esteem and quality of life might have influenced treatment choice in working patients with morbid obesity. Given that this result was present only in the female population, self-reported lifetime adversity might explain the preference for non-surgical obesity treatment among working women. The confidence interval for the association between employment status and choosing high-intensive lifestyle treatment was however large, and the results must be interpreted with caution.
Strengths and Limitations
The major strength of this study is that a large cohort of treatment-seeking patients was consecutively included. Most of our patients were Caucasian, and the results may thus not be valid in populations of other ethnicities. During the study period, only orlistat was available as an obesity drug in Norway, and many patients had already used orlistat as obesity treatment at the time of referral. As such, medical treatment was not included as a treatment choice for obesity in this study. Data on lifetime adversity were retrieved in a clinical setting without a premade questionnaire in line with another study assessing adverse life experiences in severely obese patients [46] . Thus, we cannot be sure that the definition of lifetime adversity is consistent. However, the registration was made by trained personnel, and only three different therapists retrieved the data throughout the study period. Also, when in doubt, the patients were discussed in the multidisciplinary team to assure appropriate interpretation of data. Furthermore, the prevalence of lifetime adversity was consistently reported throughout the study period of 4 years (data not shown). Given that the lifetime adversity was selfreported, our results might have underestimated the overall prevalence of lifetime adversity. Nevertheless, our results confer a clinical suspicion of a high prevalence of adverse events in patients with morbid obesity. Also, we cannot exclude the possibility that focusing on lifetime adversity in dialog with the patients might have influenced patient's treatment choice in this cross-sectional study. Only first-time referrals were included in this cross-sectional study without considering final treatment decisions from later referrals. Some patients used psychoactive drugs for sleeping disorders without confirmed psychiatric history, and the prevalence
